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[Abstract] 

[Title of the Invention] Ink precursor for forming a 
5 transparent, conducting film, and a method for forming a 
transparent, conducting ITO film 

[Object] To provide an ink precursor that can 
greatly shorten the time necessary for conducting the 
entire process and can form transparent, conducting films 

10 with substantially high efficiency regardless of the size 
and type of substrate, and to provide a process for 
producing such a transparent, conducting ITO film. 

[Constitution] An ink for forming a transparent, 
conducting ITO film comprising an organic In compound and 

15 an organic Sn compound containing one group selected from 
trimethyl, triethyl, tetramethyl and tetraethyl, both 
being dissolved in a hydrocarbon organic solvent. A 
method for forming a transparent, conducting ITO film, the 
method comprising printing a circuit on a substrate using 

20 the aforementioned ink, irradiating the substrate with 

ultraviolet radiation in air to simultaneously dissociate 
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the molecules of the hydrocarbon organic solvent, the 
organic In compound and organic Sn compound, and oxidize 
the In and Sn, thereby forming a transparent, conducting 
ITO film. 
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(57)Abstract: 

PURPOSE* To provide an ink precursor and a method to form an ITO transparent 
conductive film so that a transparent conductive film can be formed at high efficiency 
and the time necessary for the whole process can be largely decreased without 
depending the size and kind of substrates. 

CONSTITUTION: This ink to form an ITO transparent conductive film is obtd. by 
mixing org. In and org. Sn selected from trimethyl*, triethyl-, tetramethyl-, and 
tetraethyMn and Sn in a hydrocarbon org. solvent. This ink is used to print a circuit on 
a substrate. The substrate is then irradiated with UV rays to dessociate the 
hydrocarbon org. solvent, org. In, and org. Sn. At same time, In and Sn are oxidized in 
air with irradiation of UV rays to form an ITO transparent conductive film. 
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[Claim(s)] 

[Claim l] organic [ with the basis of triethyl, trimethyl, tetramethyl one, or tetraethyl ] 

- the ink precursor for transparent electric conduction film formation with which a 
low-boiling point low-molecular-weight organic solvent comes to mix In and/or organic 
[Sn] 

[Claim 2] organic [ with the basis of trimethyl, triethyl, tetramethyl one, or tetraethyl ] 

- the ink precursor for transparent electric conduction film formation with which the 
hydrocarbon system organic solvent comes to mix In and/or organic [ Sn ] 

[Claim 3] the ink for ITO transparent electric conduction film formation according to 
claim 1 -- using " a substrate " a circuit - printing - this circuit board " UV irradiation 
-- carrying out - the hydrocarbon system organic solvent and organic - the ITO 
transparent electric conduction film formation method characterized by oxidizing In 
and Sn in the bottom atmosphere of ultraviolet rays, and forming an ITO transparent 
electric conduction film at the same time it makes In and organic [ Sn ] dissociate 
DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the formation method of the ink 
precursor used for forming the ITO transparent electric conduction film used for 
transparent electrodes, such as LCD, an ElectroLuminescent Display element, and an 
electrochromic element, etc., and an ITO transparent electric conduction film. 
[0002] 

[Description of the Prior Art] In order to form an ITO thin film conventionally, there are 
CVD (a plasma CVD method, optical CVD), PVD (vacuum evaporationo, ion plating, 
sputtering), etc. 

[0003] When it explains taking the case of the sputtering method, In 2 0 3 , Sn0 2 , and a 
sintering target are used as a material, and it is ultimate vacuum. S.OxlO^orr, 
atmosphere pure Ar S.OxlO^Torr, about RF0.5kw, substrate temperature Membranes 
are formed at 400 degrees C and they are 1000A of film generation rates, and min. 
Resistivity 4.0x10 4 ohm-m 2 An ITO film can be obtained. 

[0004] In this way, in order to form a circuit by the ITO film which formed membranes, 
the photo lithography process using a photosensitive resist (circuit patterning), an ITO 
etching process, and a resist ablation process are needed. 

[0005] By the way, when an ITO film is formed by the sputtering system of a batch type 
as mentioned above, the size of a substrate and number of sheets are restricted by limit 
of chamber capacity. Moreover, at the time of a spatter, in order to reduce the resistivity 
of an ITO film, even if it is necessary to raise substrate temperature and and does not 
raise it, a damage will be given to a substrate by generation of heat by the electrode. 
Therefore, a spatter cannot be carried out to a substrate without thermal resistance, but 



the kind of substrate is made to limit. Since the time which formation of the ITO film 
per further 1 batch takes is about 60 minutes and the time which subsequent circuit 
formation takes is 60 minutes or more, efficiency is bad. 

[0006] Although formation of an ITO film was described about the case of the sputtering 
method above, there is a trouble with the same said of a vacuum deposition and the ion 
plating method, and there is a trouble that the membrane formation processing time 
starts very long, about a plasma CVD method and optical CVD. 
[0007] 

[Problem(s) to be Solved by the Invention] Then, it is going to offer the ink precursor 
and the ITO transparent electric conduction film formation method of this invention not 
being restricted to the size of a substrate, and a kind, being formed at low temperature, 
and being able to shorten the membrane formation processing time, also shortening the 
time which circuit formation takes further, and forming an ITO transparent electric 
conduction film efficiently. 
[0008] 

[Means for Solving the Problem] the ink precursor for transparent electric conduction 
film formation of this invention for solving the above-mentioned technical problem - 
organic [ of trimethyls, triethyl, tetramethyl one, or tetraethyl ] - organic-solvent [ of 
low-boiling point low molecular weight ] especially hydrocarbon system organic -solvent, 
for example, DMF, toluene, dibutyl ether, diglyme, methyl-ethyl-ketone, and methyl 
cyclohexanon, a cellosolve acetate etc. comes to mix In and/or organic [ Sn ] 
[0009] Moreover, the ITO transparent electric conduction film formation method of this 
invention for solving the above-mentioned technical problem A circuit is printed to a 
substrate using the ink formed from the ink precursor of the above-mentioned 
composition, this circuit board - ultraviolet rays — low temperature (300 degrees C or 
less, preferably temperature of 100 degrees C or less) - irradiating - the hydrocarbon 
system organic solvent and organic " it is characterized by oxidizing In and Sn in the 
bottom atmosphere of ultraviolet rays, and forming an ITO transparent electric 
conduction film at the same time it makes In and organic [ Sn ] dissociate 
[0010] 

[Function] organic [ in which the ink precursor for transparent electric conduction film 
formation of this invention has the basis of trimethyl, triethyl tetramethyl one, or 
tetraethyl as mentioned above ] - since it is made from In and/or the alkyl compound 
organic [ Sn ], although it is very dangerous, it dissolves in an organic solvent well and 
handling becomes safe Then, since especially the hydrocarbon system organic solvent is 
also immediately dissociated in the range shorter than a certain specific wavelength 
which the organic solvent of the high-boiling point low molecular weight which is easy 
to decompose by ultraviolet rays is chosen, and dissociates in the range shorter than a 
certain specific wavelength, and is mixed with these organic In(s) and materials organic 
[ Sn ], it is very effective in carrying out circuit formation with printing technology. 
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When not forming a precise circuit film, it is also possible to use the above-mentioned 
ink precursor for ink as it is. 

[00 11] Moreover, the ITO transparent electric conduction film formation method of this 
invention is since a circuit is printed to a substrate using the ink formed from the 
above-mentioned ink precursor, a large-sized substrate " a circuit - it can print - 
moreover, this circuit board - ultraviolet rays - irradiating -- organic [, such as 
hydrocarbon system organic-solvent, for example, DMF, toluene dibutyl ether, diglyme, 
methyl-ethyl-ketone, and methyl cyclohexanon and a cellosolve acetate, ] - since In and 
Sn are oxidized in the bottom atmosphere of ultraviolet rays and an ITO transparent 
electric conduction film is formed at the same time it makes In and organic [ Sn ] 
dissociate, it becomes ordinary temperature processing and a substrate is not limited to 
a heat-resistant thing And compared with conventional CVD and conventional PVD, the 
membrane formation processing time and circuit formation time are shortened, and an 
ITO transparent electric conduction film is obtained efficiently. In addition, the 5*95 
neighborhoods are the highly transparent, low resistance is obtained and the rate of the 
oxide of Sn and In is desirable. 
[0012] 

[Example] One example of the ink precursor for transparent electric conduction film 
formation of this invention and the ITO transparent electric conduction film formation 
method is explained. First, the ink precursor for transparent electric conduction film 
formation is explained, trimethyl In (crystal) - toluene 50wt(s)% dissolved solution 
(ink precursor A liquid) 100 g, lOg (ink precursor B liquid) of dissolved solutions is 
mixed, tetramethyl one Sn (liquid) - toluene - 50wt(s)% - Mixed liquor of this A liquid 
and B liquid It mixes to the lOOg hydrocarbon system organic solvent, this mixed liquor 
an evaporator - fractional distillation of toluene - carrying out - weight fractional 
distillation is completed when set to lOOg - making - the hydrocarbon system organic 
solvent - trimethyl one - what In and tetramethyl one Sn dissolved was used as ink 
precursor C liquid the need - responding - distillling this C liquid fractionally by still 
more nearly another organic solvent **** - again (being able to add a viscosity 
controlling agent, an adding-a-car-to-a-train agent, etc. in this C liquid, and also being 
able to consider as ink) - C liquid - even if it remains as it is, it can consider as ink 
[0013] Next, the ITO transparent electric conduction film formation method using the 
ink (C liquid) compounded in this way is explained. The above-mentioned ink was 
printed to 2mm ** using the version with which the circuit was formed on this by using 
the PET film of an one-side a 40mm rectangle as a substrate. Next, to the substrate 
which printed this circuit, a room temperature performs UV irradiation for 3 minutes in 
a mercury lamp (200 to 400 mm), the maceration of the hydrocarbon system organic 
solvent is started, and it is UV irradiation succeedingly. the inside of the generated 
ozone atmosphere " deuterium lamp (115mm) UV irradiation - for 5 minutes - 
carrying out -- the hydrocarbon system organic solvent and trimethyl one - while 



making In and tetramethyl one Sn dissociate, In and Sn were oxidized by ozone, In 203 
and Sn02 were formed, and the ITO transparent electric conduction film was obtained 
[0014] in this way, the place and methyl group which analyzed the obtained ITO 
transparent electric conduction film by gas chroma TOFI detect - having - UV 
irradiation - trimethyl one - it has been checked that In and tetramethyl one Sn had 
been decomposed 

[0015] Although it took 30 minutes by the above-mentioned ITO transparent electric 
conduction film formation method to compound ink, since the time which subsequent 
printing and film formation take was about 20 minutes at the room temperature If 
compared with the formation time of the ITO transparent electric conduction film by 
conventional CVD and conventional PVD, it will be below a half, and if the ink of an 
initial complement is compounded, since it is good, as for the processing time, an ITO 
transparent electric conduction film will be obtained at very high efficiency in about 20 
minutes per time. 

[0016] In addition, the ink precursor for transparent electric conduction film formation 
is not limited to the method of compounding in the procedure of the above-mentioned 
example, and also has the method of compounding in the following procedures, 
hydrocarbon system organic solvent lOOg - trimethyl one - In (crystal) Mix lOOg of 
dissolved solutions and toluene is distillled fractionally for this mixed liquor in an 
evaporator, toluene - 50wt(s)% " fractional distillation is completed when it becomes 
the weight of lOOg - making - this mixed liquor lOg of solutions in which it was made 
to dissolve is mixed. lOOg - tetramethyl one Sn (liquid) - toluene - 50wt(s)% ■- this 
mixed liquor - an evaporator - fractional distillation of toluene - carrying out -- weight 
fractional distillation is completed when set to lOOg making - the hydrocarbon 
system organic solvent - trimethyl one - In and the thing which tetramethyl one Sn 
dissolved were used as the ink precursor 

[0017] moreover, the ink of the above-mentioned example - organic [ of a material ] - In 

- trimethyl one - although it is also In, Triethyl In, tetramethyl one In, and Tetraethyl 
In are sufficient, and Tetraethyl Sn, trimethyl one Sn, and Triethyl Sn are [ organic / Sn 
/ may be replaced with tetramethyl one Sn and ] sufficient as it 

[0018] 

[Effect of the Invention] it understands by the above explanation - as - the ink 
precursor for transparent electric conduction film formation of this invention organic 

- it is very effective in being able to dissociate by UV irradiation, since it is made from 
In and/or an alkyl compound organic [ Sn ] and these materials are mixed with the 
hydrocarbon system organic solvent, therefore carrying out circuit formation with 
printing technology 

[0019] Moreover, the ITO transparent electric conduction film formation method of this 
invention is since a circuit is formed in a substrate by print processes using the above- 
mentioned ink. being limited to the size of a substrate *- there is nothing - moreover, 
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this circuit board - UV irradiation - carrying out - the hydrocarbon system organic 
solvent and organic - since In and Sn are oxidized in the bottom atmosphere of 
ultraviolet rays and an ITO transparent electric conduction film is formed at the same 
time it makes In and organic [ Sn ] dissociate, it becomes ordinary temperature 
processing and a substrate is not limited to a heat-resistant thing And the time which 
all processes take compared with conventional CVD and conventional PVD is shortened 
remarkably, and an ITO transparent electric conduction film can be obtained at very 
high efficiency. 
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Concise Statement of Relevancy 
of Non-English language publication 

Journal of the Ceramic Society of Japan 102[2]200-205(1994) 
discloses in Abstract as follows- 

ITO thin films were prepared at 550*0 by a sol-gel method 
using colloidal particles derived from a solution of indium nitrate 
and tin chloride. The colloidal particles were secondary particles 
with about 50nm in diameter and were dispersed by adding indium 
chloride as a peptizer to prepare a dipping solution. Firing of gel 
films at 550t: for 2 min developed a film microstructure consisting 
of ITO particles through thermal decomposition of the colloidal 
particles. 

JP1994-175144A discloses in claim 1 an ink precursor for 
transparent conducting film wherein organic In compounds and/or 
organic Sn compounds are mixed in an organic solvent. The organic 
In compounds and organic Sn compounds have trimethyl group, 
- triethyl group, tetramethyl group or tetraethyl group. The organic 
solvent has a low boiling point and a low molecular weight. 

JP2002-175733A discloses in claim 1 a coating liquid for ITO 
transparent conducting film formation by the DIP coating method 
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characterized in that a surfactant is added to a coating solution 
prepared by dissolving indium chloride and stannous chloride(tin (II) 
chloride) or stannic chloride(tin (IV) chloride) in water, alcohol or 
water-alcohol mixture. 



